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(57) ABSTRACT

A method and apparatus for synchronizing a carrier fre-
quency of a node included in a distributed network are pro-
vided. The apparatus includes a frequency offset estimating
unit, an offset average value calculating unit, and a frequency
adjustment value calculating unit. The method includes
receiving preambles from a plurality of nodes adjacent to the
node, estimating offsets of the carrier frequencies from the
received preambles for each of the plurality of neighbor
nodes, calculating an average value of the estimated offsets,
calculating an adjustment value of the carrier frequencies
with respect to the entirety of the plurality of neighbor nodes
by using the average value, and adjusting a carrier frequency
of the node on the basis of the adjustment value.
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METHOD OF FREQUENCY
SYNCHRONIZATION IN DISTRIBUTED
NETWORK

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application Nos. 10-2012-0030809 and
10-2013-0030015 filed in the Korean Intellectual Property
Office on Mar. 26, 2012 and Mar. 20, 2013, the entire contents
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a method of frequency
synchronization in a distributed network.

(b) Description of the Related Art

In an orthogonal frequency division multiple access
(OFDMA)-based system, a frequency offset may be gener-
ated due to a moving speed (or velocity) of each node, an
oscillator error, an estimation error, and the like. Such a
frequency offset may cause interference between nodes to
degrade performance of an overall system.

In particular, in a distributed network in which multiple
nodes exist, the respective nodes are to perform synchroniza-
tion with every node adjacent thereto, and although nodes are
synchronized with any one node, they may be interfered with
by an unsynchronized node adjacent thereto.

The above information disclosed in this Background sec-
tion is only for enhancement of understanding of the back-
ground of the invention and therefore it may contain infor-
mation that does not form the prior art that is already known
in this country to a person of ordinary skill in the art.

SUMMARY OF THE INVENTION

The present invention has been made in an effort to provide
a flexible, organic frequency offset synchronization method
having advantages of being applicable to a distributed net-
work.

An exemplary embodiment of the present invention pro-
vides a method of frequency synchronization of a node enter-
ing a distributed network. The method comprising: receiving
preambles from a plurality of neighbor nodes adjacent to the
node; estimating offsets of the carrier frequencies from the
received preambles, for each of the plurality of neighbor
nodes; calculating an average value of the estimated offsets;
calculating an adjustment value of the carrier frequencies
with respect to the entirety of the plurality of neighbor nodes
by using the average value; and adjusting a carrier frequency
of the node on the basis of the adjustment value.

An exemplary embodiment of the present invention pro-
vides an apparatus for synchronizing a carrier frequency of a
node included in a distributed network. The apparatus com-
prising: a communicating unit configured to receive pre-
ambles from a plurality of neighbor nodes adjacent to the
node; a frequency offset estimating unit configured to esti-
mate an offset of the carrier frequency from the received
preambles for each of the plurality of neighbor nodes; an
offset average value calculating unit configured to calculate
an average value of the estimated offsets; a frequency adjust-
ment value calculating unit configured to calculate an adjust-
ment value of the carrier frequencies with respect to the
entirety of the plurality of neighbor nodes by using the aver-
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2

age value; and a frequency adjusting unit configured to adjust
a carrier frequency of the node on the basis of the adjustment
value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is aview illustrating a distributed network according
to an embodiment of the present invention.

FIG. 2 is ablock diagram of an apparatus for synchronizing
acarrier frequency according to an embodiment of the present
invention.

FIG. 3 is a flowchart illustrating a process of synchronizing
afrequency performed in a node i at a kth update time accord-
ing to an embodiment of the present invention.

FIG. 4 is a flowchart illustrating a process of synchronizing
a frequency performed in the node i by limiting the number of
times of calculating an average value of frequency offsets
according to another embodiment of the present invention.

FIG. 5 is a flowchart illustrating a process of synchronizing
a frequency performed in the node i without updating the
number of times of calculating an average value of frequency
offsets according to another embodiment of the present
invention.

FIG. 6 is a flowchart illustrating a process of synchronizing
a frequency performed in the node i according to another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

In the following detailed description, only certain exem-
plary embodiments of the present invention have been shown
and described, simply by way of illustration. As those skilled
in the art would realize, the described embodiments may be
modified in various different ways, all without departing from
the spirit or scope of the present invention. Accordingly, the
drawings and description are to be regarded as illustrative in
nature and not restrictive. Like reference numerals designate
like elements throughout the specification.

Throughout the specification, unless explicitly described
to the contrary, the word “comprise” and variations such as
“comprises” or “comprising” will be understood to imply the
inclusion of stated elements but not the exclusion of any other
elements. In addition, the terms such as “-er”, “-or”, and
“module” described in the specification mean units for pro-
cessing at least one function and operation, and can be imple-
mented by hardware components or software components
and combinations thereof.

FIG. 1is aview illustrating a distributed network according
to an embodiment of the present invention.

Referring to FIG. 1, a distributed network according to an
embodiment of the present invention may include a plurality
of' nodes 100 connected by a communication link 110. Each
node included in the distributed network synchronizes a fre-
quency by using preambles received from adjacent nodes.
Here, a period for updating frequency synchronization of
each node may be set in consideration of a number of adjacent
nodes. Alternatively, the period for updating frequency syn-
chronization may be fixed as a predetermined value or may be
defined by the number of times of receiving preambles from
adjacent nodes.

FIG. 2 is ablock diagram of an apparatus for synchronizing
acarrier frequency according to an embodiment of the present
invention, and FIG. 3 is a flowchart illustrating a process of
synchronizing a frequency performed in a node i at a k-th
update time according to an embodiment of the present inven-
tion.

113
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Referring to FIG. 2, an apparatus 200 for synchronizing a
carrier frequency according to an embodiment of the present
invention may include acommunicating unit 210, a frequency
offset estimating unit 220, an offset average value calculating
unit 230, a frequency adjustment value calculating unit 240,
and a frequency adjusting unit 250. Also, the apparatus 200
may further include an adjustment request value calculating
unit 260 and a number calculating unit 270.

The communicating unit 210 receives a preamble from a
different node in the distributed network and transmits a
preamble to the different node. Also, the communicating unit
210 may transmit and receive various parameters (the number
(Ng(k)) of times of calculating an average value of frequency
offsets), a carrier frequency adjustment request value (q(k)),
and the like generated during a process of synchronizing a
carrier frequency. Whether to transmit and receive various
parameters may be determined according to overhead
required in performing an algorithm according to an embodi-
ment of the present invention in each node.

The frequency offset estimating unit 220 estimates fre-
quency offsets of respective nodes by using preambles
received from the respective nodes in the distributed network.
Namely, the frequency offset estimating unit 220 may esti-
mate frequency offsets by the number of times of receiving
the preambles for each node.

The offset average value calculating unit 230 calculates an
average value of the frequency offsets estimated for each
node in the distributed network. When the frequency offset
estimating unit 220 estimates frequency offsets with respect
to a particular node in the distributed node several times, the
offset average value calculating unit 230 may calculate an
average value of the frequency offsets estimated for each
node.

The frequency adjustment value calculating unit 240 cal-
culates a frequency adjustment value of the node on the basis
of'the average value of the frequency offsets calculated by the
offset average value calculating unit 230. Meanwhile, the
frequency adjustment value calculating unit 240 may use
various parameters received from the communicating unit to
calculate the frequency adjustment value.

The frequency adjusting unit 250 adjusts a frequency of the
node including the apparatus for synchronizing a carrier fre-
quency on the basis of the frequency adjustment value calcu-
lated by the frequency adjustment value calculating unit 240.

Also, the adjustment request value calculating unit 260
arithmetically operates the frequency adjustment value cal-
culated by the frequency adjustment value calculating unit
240 and the average value of the frequency offsets calculated
by the offset average value calculating unit 230 to calculate a
frequency adjustment request value to be transmitted to a
different node.

Further, the number calculating unit 270 updates the num-
ber of times of calculating an average value of frequency
offsets and transmits the updated number of times of calcu-
lating an average value to the communicating unit 210 so that
the number of times of calculating an average value of fre-
quency offsets can be transmitted to a different node. Mean-
while, in order to lower overhead of an algorithm, if the
number of times of calculating an average value exceeds a
predetermined number, the number calculating unit 270 may
fix the number of times of calculating an average value to a
constant number.

Hereinafter, a process of frequency synchronization of a
node which has entered the distributed network will be
described with reference to FIG. 3 and a pseudocode 1 shown
below
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<Pseudocode 1>

1: forevery m e G, do
2:

Z f[r]

3: Update Na k)= Na Lk-1+1
4: end for
5
6

Calculate f; k) =

:forevery ne &;do
: Caleulate £, (k) = (1 - 8,,0)) x F, (00 + 8,,,(K) x (g ,k = 1) -
Afyk - 1))
7: end for

s 3 £

ned;
Calculate Afi(k) = ———
alculate Af;(k) Ng + 1

o

:forevery ne &; do .
10: Calculate q;,,(k) = Afi(k) - f; ,(k)
11: end for

In pseudocode 1, a node i is a node performing frequency
synchronization according to an embodiment of the present
invention.

First, whenever preambles are received from nodes
included in a set C, (S301), the node i primarily estimates
frequency offsets with respect to the node included in the set
C, (S302). Here, the set T, is a set of nodes which have trans-
mitted preambles received more than a number of times (R ;,)
previously determined in the node i, among nodes adjacent to
the node i. In an embodiment of the present invention, a node
included in the set G, is called a ‘node m’.

f, " 1(k) is a value obtained by temporarily estimating, by
the node, a frequency offset with respect to the node m from
an r-th preamble received from the node m.

Thereafter, based on the number of times (R,,) the node i
has received preambles from the node m until then, the node
i calculates an average value of the primarily estimated offset
values. Namely, the average value {, , (k) of the primarily
estimated offset values is a value obtained by finally estimat-
ing the frequency offsets of the node m after the node i
receives preambles from the node m R,, (R,,zR,,) times
(S304).

Thereafter, the node i updates the number of times of
calculating an average value of the frequency offsets with
respect to the node m until a k-th updating point in time
(5305). In the pseudocode 1, the number (N, (k)) of times of
calculating, by the node i, an average value of frequency
offsets with respect to the node m is C,.

Thereafter, thenode ireceives q,, ,(k=1) and Ny (k 1) from
anode included in the set &, (S306) Here, the set é isasetof
nodes which have transmitted a carrier frequency adjustment
request value (q,, ,(k)) received by the node i, among the nodes
included in the set T,.

In an embodiment of the present invention, a node included
inthe set T, is a ‘node n’, q,, (k) is a carrier frequency adjust-
ment request value transmitted by the node n to the node 1 at
the k-th updating point in time, and Ny (k) is a number of
times of calculating an average value of frequency offsets by
the node n with respect to the node i at the k-th updating point
in time.

Thereafter, the node i calculates a final frequency offset
value (£, (k) with respect to the node n on the basis of the
received q,,(k-1) and N, (k-1) and the previously calcu-
lated average value (£, m(k)) of frequency offset (S307).

Here, 3,,k) may be determined in the relationship
between the node n and node i. Namely, in a case in which the
node i has received only preambles more than a predeter-
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mined number of times (R,,), but not a carrier frequency
adjustment request value, from the node n, 9, (k) may be
determined as 0, and in a case in which the node i has received
a carrier frequency adjustment request value but not pre-
ambles more than the predetermined number of times, 3, (k)
may be determined as 1.

Also, in a case in which the node i has received the carrier
frequency adjustment request value and preambles as well
more than the predetermined number of times, 8, (k) may be
determined as a certain value between 0 and 1, and in this
case, 0, (k) may be determined according to Equation 1
shown below.

Ng,; (k=1
T+ N, (k-1

(Equation 1)
Onilk —1) =

Finally, the node i calculates an adjustment value (Afy(k))
of carrier frequencies with respect to all the nodes included in
the set &, by using the final frequency offset value (fi,n(k)) with
respect to the node n, and adjusts a carrier frequency thereof
(8308). Here, N is a number of nodes included in the node set
g

As described above, the node i adjusts a carrier frequency
thereof by using the adjustment value (Af;(k)) of the finally
calculated carrier frequency, so as to be synchronized with a
carrier frequency of the network it has newly entered.

Also, the node i may calculate a difference between the
adJustment value (Af,(k)) of the carrier frequency and the final
frequency offset value (f, (K)) with respect to the node n to
calculate a carrier frequency adjustment request value (g,
(k)) (8309), and transmit the carrier frequency adjustment
request value (q, ,(k)) with respect to the node n and the
number (N;_(k)) of times of calculating an average value of
frequency offsets to the node n (S310). In an embodiment of
the present invention illustrated in FIG. 3, the node n and node
m are the same.

Meanwhile, in the pseudocode 1, the set and may become
sets ¢, and ¢,, respectively. In this case, ¢, and ¢, are a set of
nodes belonging to a higher group of the sets C, and &, when
the distributed network according to an embodiment of the
present invention has a hierarchical structure. Here, the
higher group may be a set of a node including a global posi-
tioning system (GPS) and a node synchronized with the node
including a GPS.

In this case, the pseudocode 1 may be expressed by a
pseudocode 1-1.

<Pseudocode 1-1>

1: for every m € ¢; do
2:

Calculate f; imK) =

3: Update NEJ LK) = NEJ Lk-1)+1

4: end for

5: forevery n € ¢, do

6: Calculate fiﬂ(k) =(1-9,,(k)x fiy,,(k) +98,:(k) x (q, (k- 1) -
Af(k- 1)

7: end for

s 3 £

ned;
Calculate Afi(k) =

Ny, +1
9: for every n € ¢, do
10: Calculate g, (k) = Afi(k) - £, (k)
11: end for
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FIG. 4 is a flowchart illustrating a process of synchronizing
a frequency performed in the node i by limiting the number of
times of calculating an average value of frequency offsets
according to another embodiment of the present invention.

In a pseudocode 2 below, the number of times of calculat-
ing an average value of frequency offsets counted by the node
imay be updated by only the predetermined number of times,
in order to reduce overhead during the process of frequency
synchronization.

Hereinafter, a process of performing, by a particular node
included in a distributed network, frequency synchronization
with low overhead will be described with reference to FIG. 4
and through the pseudocode 2.

<Pseudocode 2>

1: forevery m € T, do
2:

Z f[r]

Calculate f; im(k) =

m

3: i NG, (k=1) <Ny
4: Update Na k)= Na Lk-1)+1
5: else
6: fixNy, (k) =Nyfork'=zk
7: endif
8: end for
9: forevery n e &, do
10: Calculate f,,(k) =(1-9,,k)x f”,(k) +98,,(k) x (q,(k-1) -
Afk - 1))
11: end for
1 3 £
Caleulate Af(k) = "=
alculate Af;(k) = W
13: foreveryne &;do
14: Caleulate q;,,(k) = Af(k) - 1, .(k)
15: end for

In pseudocode 2, whenever the node i receives a preamble
from the node m (S401), the node i estimates a frequency
offset of the node m (8402). f; ,,"(k) is a value obtained by
temporarily estimating a frequency offset of the node m as
shown in the pseudocode 1.

Thereafter, when the node i has received preambles more
than the predetermined number of times (R,,) (S403), the
node i calculates an average value (fi,m(k)) of the frequency
offsets primarily estimated on the basis of the number (R,,,) of
times of receiving preambles from the adjacent node m until
then (S404). fi,m(k) is also a value obtained by finally esti-
mating a frequency offset of the node m as shown in the
pseudocode 1.

However, unlike the pseudocode 1, in the algorithm pro-
posed by the pseudocode 2, updating of the number (Ng _(k))
of times of calculating an average value of frequency offsets
is limited (S405). Namely, when N, (k-1)is smaller than the
predetermined number (N;,), Ny, (k) is updated (S406), but if
N, (k 1) is greater than the predetermmed number (N,,),
Ng (k) is not updated or transmitted any longer. Thus, in the
caseof N, (k=1)=N;, Né (k) is fixed as a constant (Né k)=

N,,) (S407).

Thereafter, an adjustment value (f;(k)) of the carrier fre-
quency and a carrier frequency adjustment request value
(q;,(k)) are calculated and transmitted to a different node as
proposed in the pseudocode 1 (S408 to S411).
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FIG. 5is a flowchart illustrating a process of synchronizing
a frequency performed in the node i without updating the
number of times of calculating an average value of frequency
offsets according to another embodiment of the present
invention.

In a pseudocode 3 below, rather than counting the number
(N,, (k) of times of calculating an average value of fre-
quency offsets and transmitting the same, 3, (k) calculated
by using the number (N, _(k)) of times of calculating an
average value of frequency offsets may be fixed as a constant
(84.) in order to reduce overhead during a process of fre-
quency synchronization.

Hereinafter, a process of performing, by a particular node
included in a distributed network, frequency synchronization
with low overhead will be described with reference to FIG. 5
and through the pseudocode 3 shown below.

10

15

8

received from the node n, and adjusts a frequency according
to the calculated adjustment value of the carrier frequency
(8506).

Thereafter, the node i calculates a carrier frequency adjust-
ment request value (g, ,(k)) from the adjustment value (Af;
(k)) of the carrier frequency and the average value of fre-
quency offsets as shown in the pseudocode 1, and transmits
the same to the node n (S507).

FIG. 6 is a flowchart illustrating a process of synchronizing
a frequency performed in the node i according to another
embodiment of the present invention.

In a pseudocode 4 below, the node i receives a preamble
from the node m and adjusts a carrier frequency, and does not
transmit the carrier frequency adjustment request value (q, ,
(k)) and the number (N;_(k)) of times of calculating an aver-
age value of frequency offsets to the node n.

<Pseudocode 3>

1: for every m € T, do
2:

Rin
> H®

=1

Calculate f; imK) =

3:end for

for every n € §; do

: Calculate fiﬂ(k) = (1 - 8,(k)) x fiy,,(k) +05,(k) x (q, (k= 1) -
Afitk - 1)

:end for

7 S f®)

neg;
Calculate Af;(k) = W

i

oo

[

o

: for every n € §;do
: Calculate g, ,(k) = Afy(k) - f;,,(k)
:end for

O O

In the pseudocode 3, whenever the node i receives a pre-
amble from the node m (S501), the node i primarily estimates
a frequency offset of the node m (S502). £, J[’](k) is a value
obtained by temporarily estimating a frequency offset of the
node m as shown in the pseudocode 1.

Thereafter, when the node 1 has received preambles at more
than the predetermined number of times (R,;,) (S503), the
node i calculates an average value of the frequency offsets
primarily estimated on the basis of the number (R,,) of times
of receiving preambles from the adjacent node m until then
(S404). ;

Namely, the average value 1, (k) of the primarily esti-
mated offset values is a value obtained by finally estimating
the frequency offsets of the node m at the k-th updating point
in time after the node i receives preambles from the node m
R,, times. Thereafter, a final frequency offset value (fi,m(k))
with respect to the node m is calculated on the basis of the
average value (f, ,(k)) of the estimated frequency offsets.

Here, in the algorithm proposed by the pseudocode 3, the
number of times of calculating the average value of frequency
offsets is not updated, and thus, the constant (3,,) is used in
the calculation of the adjustment value (Af,(k)) of the carrier
frequency.

Namely, since the node i calculates the adjustment value of
the carrier frequency by using the constant 8., resources
consumed for counting the number (N (k)) of times of cal-
culating an average value of frequency offsets and calculating
d,, (k) can be reduced.

Thereafter, the node i calculates the adjustment value (Af;
(k)) of the carrier frequency by using fim(k), 4., and the
carrier frequency adjustment value request value (q,, ,(k-1))
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<Pseudocode 4>

1: forevery m e G, do
2:

Rin
> i®

=1

Calculate f; imK) =

m

3: end for

* > fin®
Caleulate Af(k) = 7=
alculate Af;( )_W

Referring to FIG. 6, whenever the node i receives a pre-
amble from the node m (S601), the node i primarily estimates
a frequency offset of the node m to calculate flm (k) (S602).
The node m is one of nodes included in the set T, and the node
i

The node i calculates a carrier frequency adjustment value
(Af(k)) with respect to every node included in the set T, on the
basis of the calculated f, ,,"I(k) (S604) to adjust a frequency
thereof (S605), thus performing synchronization between the
nodes.

According to an embodiment of the present invention, a
node which has entered a distributed network can be synchro-
nized with a carrier frequency of the network the node has
newly entered, by adjusting a carrier frequency thereof
through a method such as the proposed algorithm. Also, in a
case in which a frequency is required to be periodically syn-
chronized, respective nodes in a distributed network can syn-
chronize a carrier frequency thereof with a neighboring node
with low overhead.

While this invention has been described in connection with
what is presently considered to be practical exemplary
embodiments, it is to be understood that the invention is not
limited to the disclosed embodiments, but, on the contrary, is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

What is claimed is:
1. A method of frequency synchronization of a node enter-
ing a distributed network, the method comprising:

receiving preambles from a plurality of neighbor nodes
adjacent to the node, the node and the plurality of neigh-
bor nodes receiving and transmitting data therebetween
using orthogonal frequency division multiple (OFDM)
access;
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estimating offsets of carrier frequencies from the received
preambles, for each of the plurality of neighbor nodes;

calculating an average value of the estimated offsets;

receiving an adjustment request value of the carrier fre-
quencies that is calculated from the plurality of neighbor
nodes;

calculating an adjustment value of the carrier frequencies

with respect to the entirety of the plurality of neighbor
nodes based on the average value and the adjustment
request value; and

adjusting a carrier frequency of the node on the basis of the

adjustment value,

wherein each of the plurality of neighbor nodes is a node

that has transmitted the preamble that is received more
than a predetermined number of times by the node.

2. The method of claim 1, wherein each of the neighbor
node is a node including a global positioning system (GPS) or
anode synchronized with the node including a GPS, when the
distributed network has a hierarchical structure.

3. The method of claim 1, further comprising

calculating another adjustment request value of the carrier

frequencies through the adjustment value and the aver-
age value, and transmitting the calculated adjustment
request value.

4. The method of claim 3, wherein the calculating an aver-
age value of the estimated offsets includes calculating the
average value a number of times, and the method further
includes:

updating the number of times of calculating the average

value of the offsets; and

transmitting the updated number of times of calculating the

average value.

5. The method of claim 4, wherein the calculating of the
adjustment value comprises:

receiving the adjustment request value calculated by a first

node from the first node, wherein the first node is one of
the plurality of neighbor nodes;

receiving the number of times of calculating the average

value of the offsets updated by the first node from the
first node;

calculating a final frequency offset value with respect to the

first node by using a delta (9) value calculated from the
received number of times of calculating the average
value of the offsets, the received adjustment request
value, and the average value; and

calculating an adjustment value of the carrier frequencies

with respect to the entirety of the plurality of neighbor
nodes by using the final frequency offset value.

6. The method of claim 4, further comprising

when the number of times of calculating the average value

of' the offsets exceeds a pre-set number, fixing the num-
ber oftimes of calculating the average value to a constant

)
7. The method of claim 6, wherein the calculating of the
adjustment value comprises:
receiving the adjustment request value calculated by a first
node from the first node, wherein the first node is one of
the plurality of neighbor nodes,
calculating a final frequency offset value with respect to the
first node by using a delta (9) value calculated from the
fixed number of times of calculating the average value of
the offsets, the received adjustment request value, and
the average value; and
calculating an adjustment value of the carrier frequencies
with respect to the entirety of the plurality of neighbor
nodes by using the final frequency offset value.
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8. An apparatus for synchronizing a carrier frequency of a
node included in a distributed network, the apparatus com-
prising:

a processor, and

a memory containing program instructions stored therein,

execution of which by the processor causes the appara-

tus to provide the functions of:

a communicating unit configured to receive preambles
from a plurality of neighbor nodes adjacent to the
node using orthogonal frequency division multiple
(OFDM) access;

afrequency offset estimating unit configured to estimate
an offset of the carrier frequency from the received
preambles for each of the plurality of neighbor nodes;

an offset average value calculating unit configured to
calculate an average value of the estimated offsets;

a frequency adjustment value calculating unit config-
ured to calculate an adjustment value of the carrier
frequencies with respect to the entirety of the plurality
of neighbor nodes based on the average value;

a frequency adjusting unit configured to adjust the car-
rier frequency of the node on the basis of the adjust-
ment value; and

an adjustment request value calculating unit configured
to calculate an adjustment request value of carrier
frequencies through the adjustment value and the
average value, and transmit the calculated adjustment
request value,

wherein each of the plurality of neighbor nodes is a node
that has transmitted the preamble more than a prede-
termined number of times.

9. The apparatus of claim 8, wherein each of the neighbor
node is a node including a global positioning system (GPS) or
anode synchronized with the node including a GPS, when the
distributed network has a hierarchical structure.

10. The apparatus of claim 8, wherein the functions further
include a function of

anumber calculating unit configured to update the number

of times of calculating an average value of the offsets

and transmit the updated number of times of calculating
the average value.

11. The apparatus of claim 10, wherein the adjustment
value calculating unit

receives the adjustment request value calculated by a first

node from the first node, wherein the first node is one of

the plurality of neighbor nodes,

receives the number of times of calculating the average

value of the offsets updated by the first node from the

first node,

calculates a final frequency offset value with respect to the

first node by using a delta (9) value calculated from the

received number of times of calculating the average
value of the offsets, the received adjustment request
value, and the average value, and

calculates an adjustment value of the carrier frequencies

with respect to the entirety of the plurality of neighbor

nodes by using the final frequency offset value.

12. The apparatus of claim 10, wherein when the number of
times of calculating the average value of the offsets exceeds a
pre-set number, the number calculating unit fixes the number
of times of calculating the average value to a constant (N,,).

13. The apparatus of claim 12, the adjustment value calcu-
lating unit

receives the adjustment request value calculated by a first

node from the first node, wherein the first node is one of

the plurality of neighbor nodes,
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calculates a final frequency offset value with respect to the
first node by using a delta (9) value calculated from the
fixed number of times of calculating the average value of
the offsets, the received adjustment request value, and
the average value, and 5

calculates an adjustment value of the carrier frequencies
with respect to the entirety of the plurality of neighbor
nodes by using the final frequency offset value.
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